The responses of plants to auxin and phosphate (P i ) starvation are closely linked. However, the underlying mechanisms connecting the P i starvation (−P i ) responses to auxin are largely unclear. Here, we show that OsPht1;8 (OsPT8), a phosphate transporter, functions in both the auxin and −P i responses in rice (Oryza sativa L.) and tobacco (Nicotiana tabacum). The overexpression of OsPT8 (OsPT8-Oe) led to the loss of sensitivity to auxin and −P i in adventitious roots, lateral roots, and root hairs in rice. The expression levels of OsPT8 and pOsPT8::GUS staining in roots, root-shoot junctions and leaves of rice were induced by IAA treatments. The number of young lateral roots in the OsPT8-Oe transgenic rice, which had higher auxin concentrations, was distinctly more than that in the wild-type, possibly as a result of increased expression of auxin-related genes under normal P i condition. Moreover, tobacco overexpressing OsPT8 had a similar root phenotype to OsPT8-Oe rice. These data reveal a novel biological function of OsPT8 in the cross-talk between P i and auxin signaling, and provide new evidence for the linkage between auxin and −P i responses.
Introduction
Phosphorus (P) is one of the major macro-nutrients involved in plant growth and development. Deficiency of P is a serious impediment for plant growth and development because it affects many physiological and biochemical reactions (Marschner, 1995; Abel et al., 2002; Vance et al., 2003) . The concentrations of phosphate (P i ) in soil solutions are generally <10 µM, which is well below the critical level needed by plants (Batjes, 1997) . Plants have developed a number of adaptive strategies to cope with this nutritional stress, including changes in root architecture; increased phosphate transport activity; induction and secretion of acid phosphatases, ribonucleases and organic acids; accumulation of starch and anthocyanin; and remobilization of internal P (Franco-Zorrilla et al., 2004; Lynch, 2011; Smith et al., 2011; Jain et al., 2012) . The main focus of most of these strategies is on maximizing the ability of the root to absorb P from the soil. The alteration of root architecture is a powerful vehicle for the development of plants, which helps in increasing the root surface area and allows the plants to absorb P more effectively (Chiou and Lin, 2011; Péret et al., 2011; Gu et al., 2016) .
In plants, including Arabidopsis, maize (Zea mays), rice (Oryza sativa), white lupin (Lupinus albus), and tomato (Solanum lycopersicum), low P modifies the architectural traits of roots, such as primary root (PR) length, root branching, number and length of lateral roots (LRs), and root hair (RH) and cluster root formation (Dinkelaker et al., 1995; Borch et al., 1999; Pérez-Torres et al., 2008; Kim et al., 2008; Lambers et al., 2011; Péret et al., 2011; Jin et al., 2012) . Recent molecular studies have identified several genes involved in P absorption, transport, and remobilization, as well as in the regulation of changes in the root under low P availability. For instance, AtPht1;5 overexpressors exhibited increased RH formation and reduced PR growth in Arabidopsis (Nagarajan et al., 2011) . In rice, a phosphate transporter, OsPT1, was also observed to increase the length and number of RHs under conditions of P i sufficiency (+P i ) (Sun et al., 2012) . All these results imply that the high-affinity phosphate transporter might play a key role in inducing changes in the root architecture under P i starvation (−P i ) conditions. However, the mechanism through which the high-affinity phosphate transporter induces the changes in the roots of rice under +P i conditions is still unclear.
Auxins play a key role in establishing and developing patterns of root morphology and are regulated by varying P supply (López-Bucio et al., 2002 Nacry et al., 2005; Jain et al., 2007; Pérez-Torres et al., 2008) . In a previous study, P deficiency was demonstrated to lead to an increase in the auxin content as well as its redistribution (Borch et al., 1999; Nacry et al., 2005; Qi et al., 2012) . The polar transport of auxin is essential for LR formation under adequate P conditions (Reed et al., 1998; Sun et al., 2014) , but an auxin transport-independent pathway is involved in phosphate stress-induced architectural alterations in root (López-Bucio et al., 2005) . Recently, a series of studies has shown that a class of auxin response factors (ARFs), mediating growth and developmental responses to auxins, are required for lateral root formation under P starvation in rice (Shen et al., 2013; Wang et al., 2014a) , which suggests that an auxin response signal plays a key role in the adaptation of root architecture under P deficiency.
The high-affinity phosphate transporter (Pht1) gene family plays a key role in P deficiency. Thirteen putative high-affinity P i transporter genes belonging to the Pht1 family (OsPT1-13) have been identified in the rice genome (Goff et al., 2002) . Previous reports had demonstrated the functions of OsPT1, OsPT2, OsPT4, OsPT6, OsPT8, OsPT9, and OsPT10 (Ai et al., 2009; Jia et al., 2011; Sun et al., 2012; Wang et al., 2014b; Zhang et al., 2015) . We observed that OsPT8 was a high-affinity P i transporter involved in P i homeostasis in rice, and was critical for the growth and development of plants. The overexpression of OsPT8 resulted in an excessive accumulation of P i in both roots and shoots and caused P i toxicity symptoms under conditions of high P i supply (Jia et al., 2011) . Sun et al. (2014) reported that low P regulates changes in root by altering the expression of OsPINs in rice. We also found that the OsPT8 overexpressing transgenic lines exhibited a reduction in PR length and abundance of RHs, and an increase in LR density under high P i condition, similar to that in wild-type plants grown under low P i conditions, implying that OsPT8 might play a key role in inducing changes in the root architecture under −P i condition through the auxin pathway.
Although the existence of a cross-talk between auxin and − P i responses in plants has been shown during the past decades (Miura et al., 2011; Shen et al., 2013; Wang et al., 2014a; Rai et al., 2015) , few studies have evaluated the role of auxin in regulating the root growth under low-P conditions through the phosphate transporter. Therefore, a large amount of work is needed to dissect the role of the phosphate transporter. An understanding of the relationship between Pht1, auxin, and −P i responses will ultimately facilitate the development of new strategies for the efficient utilization of P in rice. In this study, we investigated the effects of OsPT8 expression on the remodeling of root architecture, and established OsPT8 as a critical link between auxin and −P i responses in rice.
Materials and methods

Plant material and growth condition
Rice (japonica variety Nipponbare) and tobacco (Yunyan 87) were used for all physiological experiments and for the development of transgenic plants. The plants were grown in a greenhouse with under a light/dark cycle of 14/10 h at 30/24 °C. The culture solution for rice growth was described previously (Song et al., 2009; Jia et al., 2011; Sun et al., 2014) . P i starvation (LP; −P) and P i supply (HP; +P) were performed with 0.015 and 0.3 mM NaH 2 PO 4 , respectively, as used by Jia et al. (2011) . The phytohormone treatment was with 1 μΜ indoleacetic acid (IAA) as described by Shen et al. (2013) . Growth of tobacco was on MS medium supplemented with HP (1 mM P i ), LP (0.02 mM P i ) and HP+IAA (1 mM P i , 1 μΜ IAA) (Song et al., 2017) .
Generation of transgenic plants
Construction of pOsPT8::GUS and pUbi-OsPT8 and generation of transgenic plants were described previously (Jia et al., 2011) . The generation of transgenic tobacco expressing OsPT8 was by the same method as in Song et al. (2017) . To detect patterns of IAA distribution, the pDR5::GUS construct was transformed into WT and OsPT8-Oe plants using Agrobacterium tumefaciens EHA105 in rice and tobacco. The samples used for IAA analysis were also used for histochemical β-glucuronidase (GUS) staining.
Histochemical localization of GUS expression
Histochemical analysis was performed as previously described (Ai et al., 2009) . The stained tissues were photographed using an Olympus MVX10 stereomicroscope, with a color CCD camera (Olympus). For the experiments with subcellular expression patterns, stained tissues were rinsed and fixed in FAA (formalin : acetic acid : 70% ethanol, 1:1:18) for 24 h, embedded in paraffin, and then sectioned. The sections (15 μm thick) were transferred onto a slide and visualized under an Olympus BX51T stereomicroscope, with a color CCD camera (Olympus).
IAA measurement
The IAA concentrations of different tissues in the WT and OsPT8 overexpression lines were measured by gas chromatography-selected reaction monitoring mass spectrometry, as described by Ljung et al (2005) . Samples were purified after addition of 250 pg of [ 13 C 6 ]IAA internal standard using ProElu C18 (http://www.dikma.com.cn), and auxin contents were measured with a Focus DSQII GC/MS system (Thermo Fisher Scientific Inc., Austin, TX, USA).
qRT-PCR analysis
Total RNA was isolated from roots, stems, and leaves. The methods for RNA extraction, reverse transcription, and qRT-PCR were as given previously (Jia et al., 2011) . The sequences of the corresponding primers for qRT-PCR are listed in Supplementary Table S1 at JXB online. Relative expression levels were normalized to that of OsActin (LOC_Os03g50885) and presented as 2 −ΔΔCt .
Determination of nutrient concentration in plants
Plant tissues were digested using concentrated HNO 3 and HClO 4 . Total mineral content in the dry samples was determined using an inductively coupled plasma (ICP) emission spectrometer (model iCAP 6000 series, Thermo Scientific, Cambridge, UK) following the protocol described in Song et al. (2017) . Accuracy of element analysis was checked by standard reference material from the Center for Standard Reference of China.
Results
Altered root architecture in rice by overexpression of OsPT8
To confirm the effect of OsPT8 expression level on root architecture in rice, 17 independent OsPT8 overexpressing lines were used for detecting root architecture under different P i conditions. We found that all the lines showed a similar root phenotype change with a representative line shown in Fig. 1 (see Supplementary Fig. S1 ). Under normal P i conditions, the OsPT8-Oe plants showed a lower number of shoots and roots than the WT (Fig. 1A) . However, the root/shoot ratio was not significantly different compared with that in the WT plants (Fig. 1C) . The results showed that the biomass of the WT plants was reduced with the concentration of P i in the MS medium, but that of the OsPT8-Oe transgenic plants was not significantly different between the high (HP) and low (LP) phosphate conditions (Fig. 1B) . The OsPT8-Oe seedlings exhibited a notable phenotype, including the inhibition of adventitious root (AR) elongation and greater number of lateral roots (LRs) and root hairs (RHs) in the MS medium under HP conditions (Figs 1D, E and 2A) . The root architecture in the hydroponic culture and field experiments was similar to that in MS medium ( Supplementary Fig. S2 ). AR growth in the OsPT8-Oe lines was inhibited in the HP medium (0.3 mM P i ), with the average length of AR being only 80.2% of that in the WT (Fig. 1D) . The average number of LRs was 102 and 155 in the WT and OsPT8-Oe seedlings, respectively, when grown on HP medium for 21 d (Fig. 1E ). The number of LRs increased in response to LP treatment in both the WT and OsPT8-Oe seedlings, but the increase in the OsPT8-Oe seedlings was less than that in the WT ( and Supplementary Fig. S2C ). The number of root hairs in the OsPT8-Oe seedlings grown under HP conditions was 5-fold higher than that in the WT (Fig. 2A) .
To further determine the function of OsPT8 in altering root architecture, we also transformed OsPT8 into tobacco plants. In the HP medium (1 mM P i ), the root hair number of the transgenic tobacco lines was 3-to 4-fold higher than that in the WT (Fig. 2B ). This result was consistent with that observed in rice ( Fig. 2A) , suggesting that OsPT8 is involved in changing root architecture in plants.
The expression of OsPT8 was up-regulated by IAA treatment
To determine whether OsPT8 is regulated by auxin in addition to P i deficiency, the promoter sequence of OsPT8 in rice was analysed using PlantCARE. Auxin-responsive elements (TGA element, AACGAC) were found in the OsPT8 promoter (Fig. 3A) , indicating that OsPT8 might be involved in auxin signaling in rice.
In a previous work, we reported the expression pattern of OsPT8 in the aerial parts of rice. We showed that OsPT8 was strongly expressed in all the organs examined, and its expression was increased under low P i conditions (Jia et al., 2011) . In this study, we found that OsPT8 was responsive to external IAA treatment at the transcript level in all the sampled tissues including roots, root-shoot junctions and leaves (Fig. 3B) .
To analyse the tissue-specific expression of OsPT8 in rice, a 2184-bp fragment immediately upstream of the translation start site was fused to the glucuronidase (GUS) reporter gene, and the construct was transformed into rice (Jia et al., 2011) . The transgenic plants carrying the pOsPT8::GUS construct were cultured in nutrient solution containing HP (0.3 mM P i ) or HP+IAA (0.3 mM P i + 1 μM IAA) and were stained for GUS activity. Strong GUS activity was detected in the young leaf, root-shoot junction, lateral root and root tip under both the HP and LP conditions (Fig. 3C) . The supplementation of exogenous IAA further increased the expression of OsPT8 compared with that under the HP condition, which was consistent with results by qRT-PCR (Fig. 3B, C) . 
Overexpression of OsPT8 resulted in decreased auxin sensitivity in rice
A typical effect of auxin on plants is its influence on root growth (Miura et al., 2011; Shen et al., 2013) . To investigate the response of the OsPT8-Oe plants to auxin, the OsPT8-Oe transgenic seeds were germinated on MS medium containing different concentrations (0.01, 0.1, 1, and 10 μM) of IAA. After 2 weeks of growth, the average AR length of OsPT8-Oe plants was significantly different from that of WT under high IAA (1 μM) conditions, which further confirmed that OsPT8-Oe plants were less sensitive to the inhibitory effect of auxin than the WT plants (Fig. 4A) . Interestingly, when the IAA concentration was increased to 10 μM, no significant difference in the root growth was observed between the transgenic and WT plants, suggesting that the decreased sensitivity of the transgenic plants to auxin was not effective at high concentrations of auxin. We further analysed the number of LRs in the 1-μM IAA treatment. The results showed that the OsPT8-Oe plants had more LRs (Fig. 4B ) compared with the WT, which demonstrated that the overexpression of OsPT8 could inhibit the auxin responsiveness of rice plants.
Overexpression of OsPT8 resulted in auxin redistribution in different tissue
To understand the biological function of OsPT8 in the auxin and −P i responses of the plants, the auxin contents of young leaf (first leaf), root-shoot junction, young lateral roots and root tips in the WT and OsPT8-Oe plants were measured under HP and LP treatments ( Fig. 5 and Supplementary Fig. S3 ). The results showed that the auxin contents of young leaf (Fig. 5A) , root-shoot junction (Fig. 5B) , young lateral roots (Fig. 5C ) and root tips (Fig. 5D ) in the OsPT8-Oe plants were higher than those in WT under HP treatments, particularly so in young LRs (Fig. 5C ). Interestingly, we also found that the auxin contents of young leaf, root-shoot junction and young LRs in WT plants in LP were higher than those in HP conditions, which indicated that OsPT8-Oe plants changed the auxin contents under HP conditions, similar to that occurring in low-P i -supplied WT.
DR5::GUS staining can reflect the distribution of auxin (Shen et al., 2013) . To confirm the results of the auxin content change, we detected DR5::GUS expression in root tip and young LRs in the WT and OsPT8-Oe seedlings of rice and tobacco under LP (rice: 0.015 mM P i ; tobacco: 0.02 mM P i ) and HP+IAA (rice: 0.3 mM P i ; tobacco: 1 mM P i ; IAA: 1 μM) conditions. GUS expression in the root tip and young LRs of the OsPT8-Oe plants was much greater than that in WT plants (Fig. 6Aa, d, g, j) under HP treatments. GUS expression in young LRs and root tips in the OsPT8-Oe plants under LP and HP+IAA conditions was almost equal to that in the WT plants (Fig. 6A) . In the OsPT8-Oe transgenic tobacco plants, the results of DR5::GUS staining of young LR initials and root tip were consistent with the results obtained in rice under HP conditions (Fig. 6B) . All the results in the OsPT8-Oe lines under different P i and IAA conditions indicated that OsPT8 has a positive correlation with auxin distribution and −P i response. Local auxin levels are determined by biosynthesis and intercellular transport in plant roots (Shen et al., 2013) and IAA is produced from indole-3-pyruvate by the YUCCA family of flavin monooxygenases (Won et al., 2011) . To detect if OsPT8 is involved in P i -supply-regulated synthesis and/or transport of auxin, we analysed the expression of the genes involved in auxin biosynthesis, transport, and signaling in plants. The expression levels of the genes OsYUCCA1, 4, 6, and 7 in the root tips and young LRs in the OsPT8-Oe plants were significantly higher than in the WT plants under HP treatment, suggesting an increased auxin synthesis in the OsPT8-Oe plants compared with that in the WT plants (Fig.  7) . We also tested the expression of OsPINs, which encode the auxin efflux transporters, under HP and LP treatments in the root tips and young LRs. In the WT plants, the expression of most of the OsPINs including OsPIN1c, OsPIN2, OsPIN9, and OsPIN10a was mainly induced by P i starvation in the roots, while such induction in the OsPT8-Oe plants was of a much lower extent (Fig. 8) . In addition, the expression of OsIAA1, OsIAA8, OsARF1, OsARF16, and OsTIR1 in OsPT8-Oe plants was increased significantly over that in WT (Fig. 9A-E) . Taken together, the increase of expression of auxin-related genes in the OsPT8-Oe plants compared with that in the WT plants may result in higher auxin content in the young LRs.
Overexpression of OsPT8 alters the expression of P i signal genes
The expression levels of P i -starvation-induced gene OsIPS1 in OsPT8-Oe plants were also much higher (25-fold) under HP treatment compared with WT (Fig. 9F) . We confirmed that OsPHR2-Oe plants also could enhance the expression of OsIPS1 under P i -sufficient conditions (Zhou et al., 2008) . Therefore, we further determined the expression of OsPT8 in OsPHR2-Oe plants, and the results showed that the expression of OsPT8 was significantly elevated by the overexpression of OsPHR2 in both roots and shoots (Fig. 10) , implying that OsPT8 may be an essential downstream gene in the −P i signaling pathway.
Discussion
The regulation of root growth in response to P deficiency is essential in order for plants to optimize their growth and productivity (Miura et al., 2011; Shen et al., 2013) . High-affinity phosphate transporters that are involved in rice root development have been reported (Sun et al., 2012) . We have previously shown that the overexpression of OsPT8 plays a key role in P i homeostasis in rice (Jia et al., 2011) . In this work, we found that OsPT8 is involved not only in phosphate uptake and transportation, but also in remodeling of root architecture. The finding suggests that the regulation of root growth by OsPT8 may be a strategy for adapting to the conditions of P deficiency in plants.
OsPT8 effects on −P i signaling correlated with auxin distribution
In rice, microarray data analysis showed that auxin signaling is involved in the differences in the response of plants to P i deficiency in the shoot and root (López-Bucio et al., 2005; Nacry et al., 2005; Vanneste and Friml, 2009 ). Most of the auxin-induced genes in the root of rice were also up-regulated by P i deficiency. It has been shown that a transcription factor, OsARF16, is required for the auxin and P i -starvation response, which implicates the regulation of ARF in the −P i response in rice (Shen et al., 2013) . The analysis further confirmed that a number of genes work together in the auxin and −P i response. In this study, the OsPT8-Oe plants under HP conditions were phenotypically similar to the WT plants under LP conditions (Fig. 1) , and the ARs, LRs, and RHs of the OsPT8-Oe plants showed low P i insensitivity (Figs 1 and 2 ), suggesting that OsPT8, which is a member of the Pht1 gene family, might be involved in P i signaling in rice. Plants respond to P i deficiency by allocating more carbon to their roots, thereby increasing their root-to-shoot ratio (Marschner, 1995) . The root-to-shoot ratio in OsPT8-Oe plants was only slightly increased compared with that in the WT plants, which further suggested that the OsPT8-Oe plants were insensitive to P i deficiency. In contrast, the ARs and LRs of the OsPT8-Oe plants showed auxin insensitivity (Fig. 4) , suggesting that OsPT8 might play a role in the auxin response in root development. OsPT8 was expressed in all the tissues, such as the roots, root-shoot junctions and leaves, under normal P i conditions (Fig. 3) . Phosphate deficiency and exogenous administration of IAA induced the expression of OsPT8 in roots and root-shoot junctions, which further supported the notion that it is implicated in root development. Moreover, the expression of most of the OsYUCCAs in the OsPT8-Oe plants was markedly higher than that in the WT plants under HP treatment (Fig. 7) , demonstrating that the overexpression of OsPT8 might affect the synthesis of auxin. The temporal and spatial distribution of auxin mainly depends on the dynamic expression and subcellular localization of the auxin efflux proteins, PINs, 12 of which have been identified in rice (Wang et al., 2009; Shen et al., 2013; Sun et al., 2014) . OsPIN1c, OsPIN2, OsPIN9, and OsPIN10a display stronger expression in root and root-shoot junction (Wang et al., 2009) . In this work, we observed that the four OsPIN genes in the OsPT8-Oe plants had higher expression under HP conditions compared with that in the WT, suggesting that OsPT8 might affect the polar transport of auxin mainly through these four genes in roots (Fig. 8) . In addition, in the WT plants, under LP conditions, the expression of most of the OsPINs was highly induced, indicating that the auxin polar transporter was also involved in the −P i response (Fig. 8) . The results indicated that OsPT8 might alter the distribution or polar transport of auxin in the −P i response. In the WT plants, the auxin concentration in young leaves, root-shoot junctions, young LRs and root tips was increased under the LP condition (Figs 5 and 6) whereas in the OsPT8-Oe rice, the affect was very weak compared with that in the WT plants. Taken together, the results reported in this paper further confirm that the effects of OsPT8 on −P i signaling were correlated with auxin distribution.
OsPT8 may be an essential downstream gene in the −P i signaling pathway
Under low P i conditions, a plant enhances the efficiency of P absorption by regulating the expression of genes (PSIs) induced by phosphate starvation to maintain normal growth and development (Martín et al., 2000; Schachtman and Shin, 2007) . In Arabidopsis, the components in the P i -starvation signaling pathways under the regulation of AtPHR1 have been unveiled in the past decades. AtPHR1, a transcription factor with a MYB domain, is a key regulator in the P i -signaling pathway (Rubio et al., 2001) . Overexpression of AtPHR1 leads to increased concentration of P i in the shoot tissues, together with induction of a range of P i -starvation-induced genes that encode P i transporters, phosphatases and RNases (Nilsson et al., 2007) . In rice, the overexpression of OsPHR2 (an ortholog of AtPHR1) led to the induction of a series of PSIs that showed higher expression compared with that in the WT under HP conditions, resulting in the loss of sensitive to P i deficiency (Zhou et al., 2008) . The genetic effect of OsPT8-Oe was similar to that of OsPHR2-Oe (Fig. 9F) . The overexpression of OsPT8 greatly enhanced the transmission of the P signal, leading to the loss of the normal response of PSIs. The expression of OsPT8 was up-regulated by the overexpression of OsPHR2 (Fig. 10) and the OsPT8-Oe plants had similar root traits (abundance of root hairs) as observed in the plants overexpressing OsPHR2 under HP conditions. This suggests that OsPT8 is a key gene downstream of OsPHR2. Thus, the effect of OsPHR2 was dependent on the normal expression of OsPT8, which maintained the P signal transmission and allowed rice to respond to P deficiency over time.
ARF-IAA-mediated role of OsPT8 in auxin signaling in rice
The modulation of auxin sensitivity by P i depends on the auxin receptor transport inhibitor response1 (TIR1) and ARFs in plants (Song et al., 2009; Shen et al., 2013) . Auxin sensitivity was enhanced by an increased expression of TIR1 under low P i conditions, which accelerated the degradation of AUX/IAA proteins. This indicated that the ARF transcription factors activate/repress the genes that are related to auxin signaling (Pérez-Torres et al., 2008) . In rice, previous research has demonstrated that OsARFs play a central role in P i -starvation signaling and auxin signaling (Shen et al., 2013; Wang et al., 2014a) . In this study, we found that the expression levels of ARF1 and ARF16 in OsPT8-Oe plant were higher than those in the WT plants under P i sufficiency (Fig. 9C, D) , suggesting that the role of OsPT8 in auxin signaling in rice depends on ARFs. Recent studies suggest that auxin signals are converted into specific responses by matching pairs of co-expressed ARF and Aux/IAA proteins (Song et al., 2009) . Until now, the matching pairs of co-expressed proteins were identified as OsARF1 and IAA1, and OsARF16 and IAA8 in rice (Song et al., 2009; Shen et al., 2013) . In this study, we found that the expression levels of IAA1 and IAA8 in the OsPT8-Oe plants were much higher than those in the WT plants under P i sufficiency (Fig. 9A, B) , suggesting that the role of OsPT8 in auxin signaling in rice depends on ARF1-IAA1 and ARF16-IAA8. The expression levels of OsARF1 and IAA1, and OsARF16 and IAA8 were less up-regulated by −P i compared with those in the WT plants. All these data imply that the role of OsPT8 in auxin signaling in rice depends on ARF-IAA interaction. It is worth noticed that Fe accumulation in roots of OsPT8-Oe plants under HP conditions was lower than in WT (Supplementary Fig. S4 ). A previous report showed that plants exhibit a balance between P and Fe; −P i induced Fe acquisition and increased the Fe content of rice (Zheng et al., 2009) . Rai et al. (2015) reported that Fe availability affects P i deficiency-mediated responses of the root system by modulating the distribution of auxin and/or its sensitivity. In this study, we found that decreased Fe content in the OsPT8-Oe plant in comparison with WT under HP conditions ( Supplementary Fig. S4 ) implied that OsPT8 may indirectly affect the auxin signal via dramatically changed balance between P and Fe.
In conclusion, the OsPT8-Oe plants were insensitive in terms of both the auxin and −P i response, which indicated an important role for OsPT8 in regulating auxin and −P i signaling. This is the first report of a novel function of the phosphate transporter in the auxin response under −P i conditions in rice.
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